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(57) ABSTRACT 

Methods for improved electronic substrate via and thru-hole 
filling, particularly through the use of drilled Stand-offs 
formed by control-depth drilling oversized non-thru-holes 
and the use of inserted Support pillars to prevent Sagging of 
the Substrate during filling. In particular, through the use of: 
(1) a via fill stand off adapted for use with a substrate 
comprising at least two via holes to be filled, each of the Via 
holes having a diameter of X mils, the Standoff comprising 
at least one receSS formed by control-depth drilling of holes 
having a diameter at least 12X mils; and (2) a via fill standoff 
adapted for use with a Substrate comprising at least one via 
hole to be filled, the Standoff comprising: at least one recess, 
and at least one Support pillar positioned within the receSS 
wherein the Support pillar is not an integral part of the 
standoff. 
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PCB SUPPORT PLATE METHOD FOR PCB VIA 
FILL 

0001. This is a continuation-in-part of U.S. application 
Ser. No. 10/040118, filed Jan. 3, 2002, which is a continu 
ation-in-part of U.S. application Ser. No. 09/752503, filed 
Dec. 28, 2000, which claims the benefit of U.S. Provisional 
Application No. 60/208456, filed May 31, 2000. A related 
application having a Similar title and the Same inventors as 
this application is being filed concurrently. All of the fore 
going applications are herein incorporated by reference in 
their entireties. 

FIELD OF THE INVENTION 

0002 The field of the invention is the filling of electronic 
Substrate Vias and thru-holes. 

BACKGROUND OF THE INVENTION 

0.003 Electronic substrates such as printed wiring boards 
and interconnects often comprise plated Vias and thru-holes. 
These holes (the terms “hole” and “holes” will often be used 
herein to refer to both vias and thru-holes if the text is 
applicable to both vias and thru-holes) are often filled with 
a conductive paste or other fill material, typically by forcing 
the material into the hole from one end of the hole. For the 
sake of this disclosure, the end of a hole through which fill 
material enters the hole will be referred to as the “entrance', 
and the opposite end of the hole as the “exit”. 
0004. When filling holes, it is important that the exits of 
the holes not be in contact with any surface that will later be 
removed from the Substrate before the fill material sets or 
cures. Thus, if one side of the Substrate is resting on a tooling 
plate during the fill process, there should be Some Separation 
between the tooling plate and the exit of the hole in order to 
prevent material drag-out as the Substrate is removed from 
the tooling plate. 
0005. However, such separation is not always easy to 
achieve. Substrates tend to be relatively flexible, and the 
filling process often exerts a downward force on the Sub 
Strate. Thus, any mechanism used to provide the required 
Separation must be adequate to maintain that Separation 
while pressure is applied to the Substrate. Providing proper 
Separation is made more difficult because of the need to be 
able to handle a large number of different hole patterns as 
utilizing a Single Stand-off for multiple hole-patterns runs the 
risk of having portions of the Stand-off intended to Support 
the substrate positioned directly beneath a hole to be filled. 
0006. One method of supporting a substrate during filling 
is to provide a tooling plate or other Support having thru 
holes formed in it, placing the Substrate to be filled on top 
of Such a Support in a manner that the holes to be filled align 
with thru-holes of the Support, and filling the thru-holes. 
Examples of Such Supports and their use can be found in 
U.S. Pat. Nos. 6276055, 6282782, and GB2246912. Unfor 
tunately, known Supports tend to be inadequate in applica 
tions where a Substrate comprises a larger number of holes 
having minimum Separation between holes Such as in a 
grid-array arrangement. In Such an application, one might 
Simply remove an entire area of the Support corresponding 
to the area containing the holes, but doing So would leave 
that area of the substrate unsupported. Moreover, even if the 
Support comprises individual holes rather than a removed 
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area, there is a chance that the Support will distort under the 
preSSures applied during filling with a corresponding mis 
alignment between the thru-holes of the Support and the 
holes of the Substrate. Known Supports are often relatively 
expensive to manufacture as well. 
0007 Possible solutions utilizing etched tooling plates 
are the Subject of co-pending U.S. patent applications Ser. 
No. 10/039942 (“Etched Hole-Fill Stand-Off") and 
10/040118 (“Hole Filling Using An Etched Hole-Fill Stand 
Off), herein incorporated by reference in their entireties. 
However, the Solutions presented in those applications may 
not be Suitable for all applications. Thus, there is a continu 
ing need for improved methods and devices to facilitate hole 
filling. 

SUMMARY OF THE INVENTION 

0008 hods for improved electronic substrate via and 
thru-hole filling, particularly through the use of drilled 
stand-offs formed by control-depth drilling oversized non 
thru-Oles and the use of inserted Support pillars to prevent 
Sagging of the Substrate during filling. In particular, through 
the use of: (1) via fill stand off adapted for use with a 
Substrate comprising at least two via holes to be filled, each 
of the via holes having a diameter of X mils, the standoff 
comprising at least one receSS formed by control-depth 
drilling of holes having a diameter at least Y times X mils 
where Y is one of 3,9, and 12; and (2) a via fill standoff 
adapted for use with a Substrate comprising at least one via 
hole to be filled, the Standoff comprising: at least one recess, 
and at least one Support pillar positioned within the receSS 
wherein the Support pillar is not an integral part of the 
standoff. 

0009. It is contemplated that a benefit to be obtained by 
the formation of stand-off recesses by controlled depth 
drilling of oversized holes is the retention of material in the 
Standoff with the retained material adding to the total Surface 
area available to Support a Substrate being filled. 
0010. It is contemplated that a benefit to be obtained by 
the formation of stand-off recesses by controlled depth 
drilling of oversized holes is the retention of material in the 
Standoff with the retained material adding to the total Surface 
area available to Support a Substrate being filled. 
0011. It is contemplated that a benefit to be obtained 
through the use of inserted Support pillars is to increase the 
total amount of Standoff Surface area available to Support a 
substrate being filled. 
0012. It is contemplated that a benefit to be obtained in 
forming a Standoff by removing material from an otherwise 
Solid, planar, and homogenous Standoff in a manner that 
avoids creating thru-holes in the Standoff is to provide a 
more rigid Standoff better Suited for Supporting a Substrate 
being filled. 
0013. It is contemplated that forming a stand-off having 
a receSS where the edge of the receSS is beveled may provide 
adequate clearance during filling of thru-holes near the edge 
of the recess while maximizing the ability of the stand-off to 
Support a Substrate being filled. 
0014. It is also contemplated that use of such a bevel will 
help preventing embossing or other types of damage to the 
Surface of the Substrate being Supported that contacts the 
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Stand-off, particularly when the Substrate is forced against 
the Stand-off during the filling process. 
0.015 The methods and devices disclosed herein are 
particularly well Suited for use when via and/or through hole 
filling is accomplished through the use of pressure fill heads 
as described in the following co-pending applications, each 
of which is incorporated herein by reference in its entirety: 
09/752503; 09/752629; 10/039942; 10/040118; 10/026135; 
10/026382; 10/026337; and 10/026338. 
0016 Various objects, features, aspects and advantages 
of the present invention will become more apparent from the 
following detailed description of preferred embodiments of 
the invention, along with the accompanying drawings in 
which like numerals represent like components. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0017 FIG. 1A is a perspective view of a drilled standoff 
embodying the invention. 
0018 FIG. 1B is a side view of the standoff of FIG. 1A. 
0019 FIG. 1C is a top view of the standoff of FIG. 1A. 
0020 FIG. 1D is a top view of a substrate to be filled 
using the standoff of FIG. 1A. 
0021 FIG. 1E is a top view of the standoff of FIG. 1A 
prior to drilling but showing location of holes to be drilled. 
0022 FIG. 1F is a detailed view of a recess having a 
beveled edge. 
0023 FIG. 2A is a perspective view of a routed standoff 
embodying the invention. 
0024 FIG. 2B is a side view of the standoff of FIG. 2A. 
0025 FIG. 2C is a top view of the standoff of FIG. 2A. 
0026 FIG. 2D is a top view of a substrate to be filled 
using the standoff of FIG. 2A. 
0027 FIG.2E is a top view of an drilled standoff that can 
be used in place of the routed standoff of FIG. 2A. 
0028 FIG. 3 is a perspective view of an assembly 
embodying the invention. 

DETAILED DESCRIPTION 

0029. In FIG. 1A-1C, a non-air-permeable stand-off 10 
comprises at least one receSS 100 having non-linear Side 
walls 110 formed from adjacent circular arcs 111 and a 
bottom 120 having depressions 121. Stand-off 10 also com 
prises planar upper Surface 151, and planar lower Surface 
152. 

0030. In a preferred embodiment, recess 100 is formed by 
drilling holes to a controlled depth where the holes are 
positioned to have their center axis co-axial with the thru 
holes of a Substrate to be filled, and are sized to have a 
diameter Substantially larger than the diameters of the thri 
holes being filled. As an example, a substrate 170 may 
comprise thru-holes 171 to be filled as shown in FIG. 1D. 
Using the centers of the thru-holes as the center points for 
the standoff holes to be drilled results in a drilling pattern 
172 as shown in FIG. 1E. Drilling the corresponding holes 
results in the standoff of FIGS. 1A-1C. AS can be seen, 
utilizing a diameter larger than that used for the Substrate 
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thru-holes causes the drilled holes corresponding to closely 
Spaced Substrate thru-holes to overlap. 
0031. Although standoff 10 may comprise any drillable 
material that can act as a Support for a Substrate during 
filling, it is preferred that standoff 10 be formed from a 250 
mil thick phenolic plate, and that the holes be drilled 
halfway through the plate to a depth of 125 mils. It is 
preferred that the drilled holes have a diameter twelve times 
that of the holes to be filled but less preferred embodiments 
may have drill holes that are only 3 or nine times the 
diameter of the holes to be filled. In a preferred embodiment 
where 8 mill plated holes are to be filled, the diameter of the 
drilled holes will be 100 mils to allow for 46 mils of 
clearance around the 8 mill hole to be plated. In leSS preferred 
embodiments, the amount of clearance may vary between 20 
and 46 mils. 

0032. In some instances it may be desirable to provide 
additional clearance between thru-holes positioned near an 
edge of recess 100 and the upper edge 105 of recess 100 by 
beveling the edge of the receSS So that angled Surface 106 is 
positioned between the rest of sidewall 110 and edge 105 as 
shown in FIG. 1F. It is contemplated that providing a 40 
degree beveled edge will (a) provide improved clearance 
while retaining as much material as possible in offset 10, and 
(b) help prevent any embossing or marring of any Surface of 
a Supported Substrate contacting offset 10. Thus use of a 
beveled edge may also facilitate the formation of natural 
support pillars such as pillar 240B of FIG. 2E as such a 
pillar would have sufficient width on its base to prevent its 
removal during removal of material to form recess 100 while 
Still maintaining adequate clearance near its upper Support 
ing Surface. 
0033. In FIGS. 2A-2C, a stand-off 20 comprises at least 
one receSS 200, and at least one non-integral Support pillar 
240. Support pillar 240 in turn comprises pin 241 inserted 
into receiving hole 201. Stand-off 20 also comprises planar 
upper surface 251, and planar lower surface 252. 
0034. In a preferred embodiment, recess 200 is formed by 
removing, possibly routing, material from Stand-off 20 So as 
to leave an open area beneath any holes to be filled (Such as 
holes 271 in substrate 270 of FIG. 2D), and subsequently 
inserting one or more Support pillars 240 adapted to help 
Support a Substrate being filled. It is contemplated that in 
Some instances drilling holes instead of routing out an entire 
area may leave the equivalent of a Support pillar in place 
such as support 240B of recess 200B of stand-off 20B of 
FIG. 2E. Support pillars 240 may be inserted in any location 
where placement of a Support pillar will leave at least Some 
clearance between the Support pillar and the edge of the 
nearest thru-hole, but a clearance of at least 20 mils is 
preferred. The use of support pillars 240 provide a mecha 
nism for preventing a Substrate being filled from Sagging 
into recess 200 during filling where removal of material to 
form 200 does not leave an adequate number of natural 
Support pillars. 
0035) It is contemplated that support pillars will vary in 
size, shape, and composition. However, a Support pillar 
formed as two abutting cylinderS having different diameters 
is preferred. It in Some instances it is advantageous to use a 
support pillar 240 having a pin 241 with a diameter of 
approximately 0.11 inches, and a length of approximately 
0.125 to 0.25 inches. In some instances it may be advanta 
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geous for the non-pin portion of the Support pillar to have a 
diameter between 0.125 inches and 1 inch. The height of the 
Support pillars will generally be chosen So that the upper 
surface of the pillar is coplanar with surface 251 of standoff 
20. The top surface of each pillar/pillar is slightly beveled or 
rounded to prevent embossing of the Surface of any Substrate 
being filled. It is preferred that support pillars be formed 
from Delrin, PVC, phenolic, or any other material that can 
maintain Structural integrity. Support pillars of differing 
sizes and shapes may be utilized in a Single Standoff. 
0036. It is preferred that the support pillar sizes, shapes, 
and positions be chosen to take advantage of non-via 
populated Spaces of a recess. If Support pillars are being 
used, there is leSS need to limit material removal to areas 
directly beneath through holes to be filled while forming a 
receSS. Simplifying the material removal proceSS may, in 
Some instances, make up for the additional costs incurred by 
having to insert Support pillars. 
0037. In FIGS. 3, and assembly 3 includes a non-air 
permeable stand-off 30, a tooling plate 60, a substrate 70, 
optional stencil 80, and a fill head 90. Substrate 70 com 
prises holes 71A-71 D to be filled using fill head 90 to inject 
fill material. Tooling plate 60, in conjunction with standoff 
30, provides Support for substrate 70 during filling. Optional 
stencil 80 may be used to control the areas in which fill 
material are to be deposited and to prevent damage to 
substrate 70 by fill head 90 during filling. Stand-off 30 
comprises features of both stand-offs 10 and 20, namely 
least one recess 300 having non-linear sidewalls 310 formed 
from adjacent circular arcs and a bottom 320 having depres 
sions 321. Stand-off 30 also comprises at least one non 
integral Support pillar 340 with pin 341 inserted into receiv 
ing hole 301, as well as planar upper Surface 351, and planar 
lower Surface 352. 

0038. In the preferred embodiment of FIG. 3, PWB 70 
rests on top of stand-off 30 but is only coupled to stand-off 
30 by pins (not shown). Similarly, stand-off 30 preferably 
rests on tooling plate 60, but is only coupled to tooling plate 
60 by pins (not shown). In less preferred embodiments, 
stand-off 30 may be bonded, either temporarily or perma 
nently to tooling plate 70, and/or may be temporarily bonded 
to PWB 30. 

0039. Although the FIG. shows assembly 1 as comprising 
a printed wiring board 30, any Substantially planar device 
having holes to be filled could be used in place of printed 
wiring board 30 as long as the device and the stand-off 10 
are adapted to be coupled to and aligned with each other So 
as to assure proper alignment between the pattern on Stand 
off 10 and the pattern on the device being filled. 
0040 Tooling plate 60 can comprise any suitable Sup 
porting Surface. 
0041. It is contemplated that the methods and devices 
disclosed herein are particularly advantageous when used 
with a device Such as PWB 30 wherein the artwork used to 
determine the locations of the various holes to be filled is 
available in a form that permits it to be easily used as the 
basis of a drilling pattern. 

0042. The standoff 30 of FIG. 3 may be formed by 
providing a rigid plate; forming a receSS in the phenolic plate 
by removing material from the plate by drilling; forming one 
or more receiving holes in a Surface of the recess; inserting 
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a Support pillar into each receiving hole So as to fill the one 
or more receiving holes with an equivalent number of 
Support pillars. In instances where the Standoff is to be 
adapted for use with a Substrate to be filled comprising at 
least two thru-holes having a diameter of X mils, the receSS 
may be formed by drilling holes having a diameter of at least 
12X mils into the Support plate, and possibly extending 
halfway through the plate. If a Substrate comprises thru 
holes of different sizes, the diameters of the drilled holes 
may vary accordingly. Alternately, a single diameter may be 
chosen for the drill holes based on the diameter of the largest 
or Smallest through hole, on the average size of the thru 
holes, or Some other basis. 
0043. Thus, specific embodiments and applications of via 

fill stand-offs formed by over-drilling and insertion of Sup 
port pillars have been disclosed. It should be apparent, 
however, to those skilled in the art that many more modi 
fications besides those already described are possible with 
out departing from the inventive concepts herein. The inven 
tive Subject matter, therefore, is not to be restricted except in 
the Spirit of the appended claims. Moreover, in interpreting 
both the Specification and the claims, all terms should be 
interpreted in the broadest possible manner consistent with 
the context. In particular, the terms “comprises” and “com 
prising Should be interpreted as referring to elements, 
components, or Steps in a non-exclusive manner, indicating 
that the referenced elements, components, or Steps may be 
present, or utilized, or combined with other elements, com 
ponents, or Steps that are not expressly referenced. 

What is claimed is: 
1. A method of forming a via fill Standoff comprising: 
providing a rigid plate; 

forming a receSS in the plate by removing material from 
the plate by drilling or routing; 

forming one or more receiving holes in a Surface of the 
receSS, 

inserting a Support pillar into each receiving hole So as to 
fill the one or more receiving holes with an equivalent 
number of Support pillars. 

2. The method of claim 1 wherein the standoff is adapted 
for use with a Substrate to be filled comprising at least two 
thru-holes having a diameter of X mils, wherein the receSS 
is formed by drilling holes having a diameter of at least 12X 
mils into the Support plate. 

3. The method of claim 2 where the holes are drilled 
halfway through the rigid plate. 

4. The method of claim 3 wherein the plate is a phenolic 
plate. 

5. The method of claim 4 wherein the formed via fill 
Standoff is Subsequently used to Support a plurality of 
Substrates while at least Some of the thru-holes of each of the 
plurality of Substrates are filled. 

6. The method of claim 5 wherein the Substrates of the 
plurality of Substrates are not all Supported Simultaneously. 

7. The method of claim 6 wherein only a single substrate 
of the plurality of Substrates is Supported at any given time. 

8. The method of claim 7 wherein the thru-hole patterns 
of each of the plurality of Substrates are all identical to each 
other. 
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9. The method of claim 8 wherein the thru-holes of each 
of the plurality of Substrates are positioned above a receSS of 
the standoff. 

10. The method of claim 9 wherein at least one column is 
positioned to contact a portion of each of the plurality of 
Substrates that is at least partially Surrounded by at least 
three thru-holes. 
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11. The method of claim 9 wherein every column is 
positioned to contact a portion of each of the plurality of 
Substrates that is at least partially Surrounded by at least 
three thru-holes. 


